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Description 

[0001] The present invention relates to an improvement in rechargeable batteries, especially batteries in which chem- 
ical reaction with lithium is utilized (these rechargeable batteries will be hereinafter collectively referred to as recharge- 
s able lithium battery) and also in rechargeable zinc series batteries. More particularly, the present invention relates to 
improved rechargeable lithium batteries and improved rechargeable zinc series batteries which effectively prevent a 
dendrite (or a branched tree-like protrusion) of lithium or zinc from growing upon repetition of charging and discharging, 
and have a prolonged cycle life (that is, a prolonged charging and discharging cycle life). 

io Related Background Art 

[0002] In recent years, heating of the earth because of the so-called greenhouse effect due to an increase of atmos- 
pheric C0 2 has been predicted. 

[0003] In the case of the steam-power generation, the amount of a fossil fuel represented by coal or petroleum to 

is be consumed for power generation in order to comply with a societal demand for increased power supply has been 
continuously increased and along with this, the amount of exhaust fumes from the steam-power generation plants has 
been continuously increased accordingly to raise the content of gases to cause a greenhouse effect such as carbon 
dioxide gas in the air. This results in providing an earth-warming phenomenon. In order to prevent said earth-warming 
phenomenon from further developing, there is a tendency of prohibiting to newly establish a steam-power generation 

20 plant in some countries. 

[0004] Under this circumstance, there have been made a proposal of conducting so-called load leveling in order to 
effectively utilize the power generator, wherein rechargeable batteries are installed at general houses and a surplus 
power unused in the night, that is, a so-called dump power, is stored in said rechargeable batteries and the power thus 
stored is supplied in the daytime when the power demand is increased, whereby the power generator is leveled in 

25 terms of the load therefor. 

[0005] There is an increased demand for developing a lightweight rechargeable battery with a high energy density 
for an electric vehicle which does not exhaust any air polluting substance such as CC^, NO x , SO x , hydrocarbon, and 
the like. Also there is increased demand for developing a miniature, lightweight, high performance rechargeable battery 
usable as a power source for portable instruments such as small personal computers, word processors, video cameras, 

30 and pocket telephones. 

[0006] As such rechargeable battery, there has been proposed a rocking chair type lithium ion cell in which a lithium 
intercalation compound is used as a cathode active material and carbon is used as an anode active material. However, 
as of the present time, there has not realized a practically usable lithium ion battery having a sufficiently high energy 
density, which is considered could be attained by using a metallic lithium as the anode active material. 

3S [0007] Public attention has now focused on a rechargeable lithium battery in which metallic lithium is used as an 
anode, but as of the present time, there has not yet been attained a practically usable, high capacity rechargeable 
lithium battery with an improved energy density. Particularly, as for the known rechargeable lithium battery, there is a 
problem in that lithium is often deposited in a dendritic state (that is, in the form of a dendrite) on the negative electrode 
during charging operation, wherein such deposition of lithium in a dendritic state results in causing internal shorts or 

to self -discharge. As one of the reasons why such practically usable, high capacity rechargeable lithium battery as above 
described has not yet been realized, there is a fact that a manner capable of preventing the occurrence of the above 
dendritic lithium deposition has not been developed. 

[0008] Now, as above described, when the above lithium dendrite should be once formed, the dendrite is liable to 
gradually grow upon charging, resulting in causing internal shorts between the anode and the cathode. When the anode 
45 is internally shorted with the cathode as above described, the energy possessed by the battery is shortly consumed 
at the internally shorted portion to entail problems such that the battery is heated or the solvent of the electrolyte is 
decomposed by virtue of heat to generate gas, resulting in raising the inner pressure of the battery. These problems 
result in damaging the rechargeable battery or/and shortening the lifetime of the battery. 

[0009] There has been proposed a manner of using a lithium alloy such as lithium-aluminium alloy as the anode for 
so a rechargeable lithium battery in order to suppress the reactivity of the lithium so that a lithium dendrite is hardly 
generated. This manner is effective in preventing the generation of the lithium dendrite but is not effective in attaining 
a rechargeable lithium battery having a high energy density and which is long enough in cycle life. 
[0010] Particularly, Japanese Unexamined Patent Publication No. 1 3264/1 988 (hereinafter referred to as document 
1), No. 47381/1993 (hereinafter referred to as document 2) or No. 190171/1993 (hereinafter referred to as document 
ss 3) discloses a non-aqueous series rechargeable battery in which the anode is constituted by a lithium alloy. 

[001 1 ] Additionally, Japanese Unexamined Patent Publication No. 1 1 4057/1 988 (hereinafter referred to as document 
4) discloses a non-aqueous series rechargeable battery in which the anode is constituted by a basic constituent com- 
prising a sintered body of a mixture composed of fibrous aluminium and fibrous metal incapable of being alloyed with 
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lithium and a negative material comprising a lithium-aluminium alloy. 

[0012] Further, Japanese Unexamined Patent Publication No. 234585/1 993 (hereinafter referred to as document 5) 
discloses a non-aqueous series rechargeable battery in which the anode is constituted by a member made of lithium 
metal, having powdery metal (which hardly forms an intermetallic compound with said lithium metal) uniformly deposited 
s on the surface thereof. 

[0013] Further in addition. Journal of Applied Electrochemistry, 22, 620-627 (1992) (hereinafter referred to as doc- 
ument 6) discloses a rechargeable lithium battery in which the anode is constituted by an aluminium foil having a 
surface applied with etching treatment. 

[0014] However, each of the rechargeable batteries disclosed in documents 1 to 6 is still problematic in practice in 
io that when charging and discharging cycle is performed repeatedly, the growth of a dendrite often occurs and the battery 
performance deteriorates. 

[0016] In order to eliminate this problem, there can be considered a manner wherein the anode and cathode are 
arranged such that they are closely opposed to each other each side of a separator. However, this manner is not 
effective in solving the problem because there is a tendency for the charging and discharging cycle life to be remarkably 

15 shortened to such an extent that is shorter than that in the case where an anode comprised of carbon is used. 

[0016] Such problem occurred in the foregoing rechargeable batteries is liable to occur also in the conventional 
rechargeable nickel-zinc batteries, rechargeable zinc-oxygen (or zinc-air) batteries and rechargeable bromine-zinc 
batteries, in that in any of these batteries, when the anode and cathode are arranged such that they are closely opposed 
to each other each side of the separator, the charging and discharging cycle life is liable to remarkably shorten. 

so [0017] Accordingly, there is an increased demand for provision of an improved, highly reliable secondary cell which 
is high in energy density (or charge energy density) and long enough in charging and discharging cycle life. 
[0018] The problem of suppressing dendrite growth is addressed in JP-A-31 52881 , features of which are recited in 
the preamble of claim 1 attached. As therein disclosed the area of the negative plate (anode) is chosen larger than 
that of the positive plate (cathode). 

2S [0019] Similarly to the above, JP-A-1128371 describes a lithium battery secondary cell in which the width of a lithium 
anode is chosen larger than the width of a LiMn^ cathode. 

[0020] EP-A-0077030, also concerned with suppressing dendrite growth in a zinc battery secondary cell, discloses 
the use of a polymer coating at the edge of the negative plate. 

[0021] A principal object of the invention defined by the appended claims is to eliminate the foregoing problems found 
30 in the known rechargeable batteries and to provide an improved rechargeable battery which is free of such problems. 
[0022] Another object of the present invention is to provide a highly reliable rechargeable battery which is high in 
energy density and long enough in cycle life (that is, charging and discharging cycle). 

[0023] A further object of the present invention is to provide a rechargeable battery having an improved anode struc- 
tured which is free of growth of a dendrite even when the charging and discharging are alternately repeated over a 
35 long period of time, and it makes the rechargeable battery to stably exhibit an excellent cell performance without being 
deteriorated. 

[0024] A further object of the present invention is to provide a highly reliable rechargeable battery having a simple 
structure which can be easily handled and which can be efficiently produced by the conventional technique. 
[0025] A further object of the present invention is to provide a highly reliable rechargeable battery which can be 
40 mass-produced without a variation in terms of the battery performance. 

[0026] The term 'rechargeable battery' in the present invention includes a rechargeable lithium battery, a recharge- 
able nickel-zinc battery, a rechargeable zinc-oxygen battery, and a rechargeable bromine-zinc battery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0027] FIG. 1 is a schematic explanatory viewforillustratingapositionalrelationshipbetweenananodeandacathode 
which are oppositely arranged in a rechargeable battery. 

[0028] FIG. 2 is a schematic cross-sectional view for illustrating an example of a state for lines of electric force 
generated upon operating charging, when an edge portion of an anode is positioned inside a cathode in a rechargeable 
so battery. 

[0029] FIGs. 3(a) and 3(b) are schematic cross -sectional views respectively illustrating a shape of an electrically 
conductive edge portion of an anode and a state for lines of electric force in a rechargeable battery provided with said 
anode. 

[0030] FIG. 4(a) is a schematic cross-sectional view illustrating an example of a rechargeable battery according to 
ss the present invention. 

[0031] FIG. 4(b) is a schematic cross-sectional view for illustrating a dimensional relationship between the anode 
and cathode which are oppositely arranged and their positional relationship in the rechargeable battery shown in FIG. 
4(a). 



3 



EP 0 690 520 B1 



[0032] FIG. 5 is a schematic explanatory viewlor illustrating a positional relationship between an anodeand a cathode 
which are oppositely arranged in a rechargeable battery according to the present invention. 

[0033] FIG. 6 is a graph showing experimental results of a tendency for the lifetime of a rechargeable battery to 
change when the difference between the cathode-anode distance and the cathode's edge-anode's edge distance is 
5 varied. 

[0034] FIG. 7 is a schematic cross-sectional view illustrating a single-layer system flat rechargeable battery. 
[0035] FIG. 8 is a schematic cross-sectional view illustrating a spiral-wound cylindrical rechargeable battery. 

DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

10 

[0036] The present invention is to eliminate the foregoing problems found in the prior art and to attain the above 
described objects. 

[0037] The present invention has been accomplished based on findings obtained through experimental studies by 
the present inventors in order to attain the above objects. 

is [0038] Description will be made of the experimental studies conducted by the present inventors. 

[0039] The present inventors conducted extensive studies through experiments in order to find out a cause for the 
problems in the prior art. As a result, there was obtained a knowledge that the dendrite generated at the anode upon 
the charging would be of an enhanced magnitude at its edge portion where an electric field is liable to concentrate. 
[0040] Based on this knowledge, studies were made of a rechargeable battery in which an anode and a cathode are 

20 oppositely arranged such that the position of the former is deviated from that of the latter. 

[0041] FIG. 1 is a schematic view for illustrating a positional relationship between an anode and a cathode which 
are oppositely arranged in a rechargeable battery. In FIG. 1 , an anode 500 electrically connected to an anode terminal 
506 (that is, a power outputting and inputting terminal for an anode) and a cathode 502 electrically connected to a 
cathode terminal 507 (that is, a power outputting and inputting terminal for a cathode) are arranged in an opposite 

25 positional relationship. 

[0042] FIG. 2 shows an example of a state of the above arrangement except in that an edge portion of the anode 
500 is deviated from the counter cathode 502 in the left side direction, wherein a state for lines of electric force generated 
upon the charging is shown. 

[0043] Now, when a rechargeable battery is dedicated for the charging, the anode side thereof is made to have a 
30 negative potential and the cathode side thereof is made to have a positive potential. Therefore, upon operating the 
charging, lines of electric force are formed such that they are directed toward the anode from the cathode. In this case, 
if no displacement is present in the arrangement of the cathode and anode, lines of electric force are basically formed 
in a uniform state. 

[0044] However, in general, there is a tendency for lines of electric force to converge at a protrusion of an electrode. 
35 Therefore, even in the above case, the lines of electric force have a tendency of converging at an end portion of the 
anode. 

[0045] If a certain displacement is present in the arrangement of the cathode and anode which are oppositely ar- 
ranged, the lines of electric force are not uniformly formed. Particularly, in the case shown in FIG. 2 wherein the anode 
is positioned to deviate inside the counter cathode, the lines of electric force are formed such that they converge 

40 towards the anode's edge situated inside the cathode. 

[0046] By the way, in general, an electrode (that is, a cathode or anode) for a rechargeable battery is formed through 
processing including cutting. Because of this, the electrode obtained is often accompanied with protrusions such as 
pointed portion or angled portion at the side ends thereof. Such protrusion will be a cause of making the lines of electric 
force converge towards the protrusion when the electrode is used in a rechargeable battery. Other than this, as for an 

« electrode used in a rechargeable battery, there is an occasion for the electrode to be bent in the fabrication of the 
rechargeable battery, wherein the bent electrode is liable to have a portion with a small radius of curvature. 
[0047] FIGs. 3(a) and 3(b) are schematic cross-sectional views respectively illustrating a shape of an electrically 
conductive edge portion of an anode and a state for lines of electric force in a rechargeable battery provided with said 
anode. 

so [0048] Now, as apparent from FIG. 3(a), even in the case where an edge portion of the anode 500 situated inside 
the cathode 502 is not accompanied by any protrusion, lines of electric force formed are liable to converge towards 
said edge portion. In the case of FIG. 3(b), the anode 500 has an edge portion projecting toward the counter cathode 
502. In this case, lines of electric force formed are unavoidably converged towards said projected edge portion. 
[0049] As a result of experimental studied in order to eliminate such convergence of lines of electric force, there were 

55 obtained the following findings. 

[0050] That is, when the size of the anode is made to be greater than that of the cathode and the edge portion of at 
least the anode is covered by an insulating material or a semiconductor material, the field intensity at the edge portion 
of the anode and that at the edge portion of the cathode can be reduced to remarkably prevent occurrence of a dendrite 
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(of lithium or zinc) and to prolong the charging and discharging cycle life of a rechargeable battery In addition, in the 
case where a displacement is present in the arrangement of the cathode and anode, when the width and length ol the 
anode are made to be greater than those of the cathode such that the edge portion of the anode is not situated inside 
of the cathode, it is possible to effectively prevent the anode from having a portion with an increased field intensity in 

£ the vicinity of the surface thereof. 

[0051] Particularly in this respect, in a rechargeable battery comprising an anode, a separator, a cathode, an elec- 
trolyte or electrolyte solution, and a cell housing, when the anode is designed such that its edge portion is reduced in 
terms of the field intensity, the rechargeable battery becomes to have a prolonged battery lifetime. 
[0052] More particularly, when the anode's edge is covered by a stable insulating or semiconductor material incapable 

w of being dissolved in the electrolyte solution and which is not or substantially not decomposed upon the charge and 
discharge reactions, the lines of electric force are effectively prevented from converging towards the edge portion of 
the anode. By this, the rechargeable battery can be made to have a prolonged battery life and an improved battery 
performance. 

[0053] The present inventors obtained further findings which will be described below. 
'£ [0054] In the above rechargeable battery, it is desired for the anode (which is oppositely arranged to the cathode) 
to have a greater size than that of the cathode such that the cathode's picture plane vertically projected on the surface 
of the anode is situated within the anode's plane. In this case, the field is effectively prevented from centralizing at the 
edge portion of the anode, and the rechargeable battery becomes to have a prolonged battery life and an improved 
battery performance. 

£0 [0055] Further, when the shortest distance between the nose of the anode's edge portion and that of the cathode's 
edge portion is made to be 5 times or more the distance between the cathode and the anode, the field is effectively 
prevented from converging towards said noses. 

[0056] Further in addition, it is desired for the anode to be designed to have a greater width and length than those 
of the cathode such that they are greater by 2 times or more over the square root of the sum of the square of a positioning 
25 error for the anode and the square of a positioning error for the cathode. In this case, there are provided advantages 
in that the production of a rechargeable battery can be efficiently conducted and a high performance rechargeable 
battery can be effectively produced. 

[0057] The present invention has been accomplished based on these findings. 

[0058] In the following, preferred embodiments of the rechargeable battery according to the present invention will 
so be described with reference to the drawings. 

[0059] FIG. 4(a) is a schematic cross-sectional view illustrating an example of a rechargeable battery according to 
the present invention. FIG. 4(b) is a schematic side viewfor illustrating a dimensional relationship between the cathode 
and anode which are oppositely arranged and their positional relationship in the rechargeable battery shown in FIG. 
4(a). 

35 [0060] In FIGs. 4(a) and 4(b), reference numeral 100 indicates an anode having an insulating or semiconductor 
material disposed to cover the anode's edge, reference numeral 102 a cathode having an insulating or semiconductor 
material disposed to cover the anode's edge, reference numeral 104 an electrolyte solution, reference numeral 105 a 
separator, reference numeral 106 a power outputting and inputting terminal (or an anode terminal) electrically connect- 
ed to the anode 1 00, reference numeral 1 07 a power outputting and inputting terminal (or a cathode terminal) electrically 

•to connected to the cathode 102, and reference numeral 108 a battery case. 

[0061] FIG. 5 is a schematic explanatory viewfor illustrating a positional relationship between an anode 100 and a 
cathode 102 in a rechargeable battery, wherein the anode 100 and the cathode 102 are oppositely arranged such that 
the edge portion of the anode is situated outside the counter cathode in such way as shown in FIGs. 4(a) and 4(b). In 
FIG. 5, d indicates a distance between the cathode and the anode. 

45 [0062] As apparent from FIGs. 4 (a) and 4(b) and FIG. 5, in the present invention, the interrelation between the anode 
and the cathode is designed such that the size of the former is greater than that of the latter. Particularly, in order to 
reduce the field intensity at the edge portion of the anode, of the anode and cathode which are arranged to oppose to 
each other, the anode is designed to have a greater area than that of the cathode such that the cathode's picture plane 
vertically projected onto the surface of the anode is situated within the anode's plane. 

so [0063] Now, as previously described, any of the conventional rechargeable lithium battery, rechargeable nickel-zinc 
battery, rechargeable zinc-oxygen battery, and rechargeable bromine-zinc battery has such problems as will be de- 
scribed in the following. That is, in their fabrication process, protrusions such as a pointed portion or angled portion 
are liable to occur at the edge portion of not only the anode but also the cathode; and the electrode active material of 
not only the anode but also the cathode is often released to expose their collector. In addition, the cathode is often 

5 $ deviated to a position outside the anode, wherein the field intensity at the edge portion of the anode is heightened to 
cause an increase in the current density, resulting in generating a dendrite of lithium or zinc and growing said dendrite 
upon the charging, whereby the battery performance is deteriorated and the charging and discharging cycle life is 
shortened. 
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[0064] However, according to the present invention, these problems can be effectively eliminated. That is, in the 
rechargeable battery of the present invention, the anode is designed to have a substantial area which is greater than 
that of the cathode, and at least the edge portion of the anode is covered by a stable insulating or semiconductor 
material incapable of being dissolved in the electrolyte solution and which is not or substantially not decomposed upon 

5 the charge and discharge reactions. By this, the electric field intensity at the edge portion of the anode is reduced to 
prevent a dendrite of lithium or zinc from generating upon the charging, wherein if said dendrite should be generated, 
said dendrite is prevented from growing. Particularly, this situation is that the substantial area of the anode is made to 
be greater than the substantial area of the cathode such that the cathode's picture plane vertically projected onto the 
surface of the anode is situated within the anode's plane. 

'0 [0065] The area of the electrode which substantially functions as the cathode or the anode corresponds to the sub- 
stantial area of the cathode or the anode. 

[0066] In the case where the electrode (that is, the cathode or the anode) does not have a cover coat composed of 
insulating or semiconductor material, the area of an electrode constituting the cathode or the anode corresponds said 
substantial area. 

is [0067] FIG. 6 is a graph showing experimental results of a tendency for the lifetime of a rechargeable battery to 
change when the difference between the anode-cathode distance and the anode's edge-cathode's edge distance is 
varied. 

[0068] Particularly, the graph shown in FIG. 6 is a lifetime curve for rechargeable batteries, which was obtained by 
the present inventors through experiments, wherein d indicates a distance between the anode and cathode, I indicates 
20 a distance between the anode's edge and the cathode's edge, and (f - d)/d indicates a ratio of a distance (€ - d), which 
is longer than the distance d, to the distance d. 

[0069] The lifetime curve illustrates situations for the time t when the rechargeable battery involved reaches a pre- 
scribed lifetime in relation to the ratio ((€ - d)/d) of the distance (I - d) to the distance d. 

[0070] In the lifetime curve shown in FIG. 6, the lifetime t when the anode's edge is harmonized with the cathode's 
25 edge (that is, t = d, and therefore, (t - d)/d = 0) is set at 1 .0, and inverse numbers of the times t obtained when the 
distance € is varied to be 3d, 4d, 5d, 8d, 9d, 10d, Hd, and I2d are plotted. 

[0071] Based on the lifetime curve shown in FIG. 6, there was obtained the following finding. That is, in order to 
make a rechargeable battery to have a prolonged battery lifetime, it is desired for the anode and the cathode to be 
arranged such that the shortest distance between the anode's edge and the cathode's edge is 5 times or more the 
30 distance d between the anode and the cathode (that is, (< - d)/d is 4 or more) or it is preferably 10 times or more (that 
is, (( - d)/d is 9 or more). 

[0072] Now, as for the electrode arrangement in a rechargeable battery wherein an anode and a cathode are arranged 
to oppose to each other, it somewhat differs at a certain extent in each rechargeable battery produced. This is una- 
voidably occurred because of a positioning error in the fabrication process. However, because of such positioning error 
35 in the fabrication process, problems will be sometimes entailed in that a defective rechargeable battery is produced or 
the resulting rechargeable batteries are varied in terms of their charging and discharging cycle life. In the case of mass- 
producing a rechargeable battery, the arrangement of the cathode and anode should be carefully conducted so that 
these problems are not occurred. 

[0073] In the present invention, occurrence of such problems can be prevented by the following manner. That is, for 
*o instance, the anode is designed to have a greater width and length than those of the cathode such that said width and 
length are greater by 2 times or more over the square root of the sum for the square of a positioning error for the anode 
and the square of a positioning error for the cathode. According to this manner, if a positioning error should be occurred 
for the arrangement of the cathode and anode in the fabrication process of a rechargeable battery, the anode's edge 
is prevented from being positioned inside the cathode. By this, it is possible to mass-produce high quality rechargeable 
45 batteries which are not varied in terms of the battery performance. 

[0074] In the following, description will be made of the rechargeable battery according to the present invention and 
the fabrication thereof. 

[0075] The rechargeable battery according to the present invention includes a rechargeable lithium battery, a re- 
chargeable nickel-zinc battery, a rechargeable zinc-oxygen battery, and a rechargeable bromine-zinc battery. 

so [0076] (In the following, the rechargeable nickel-zinc battery, rechargeable zinc-oxygen battery, and rechargeable 
bromine-zinc battery wilt be occasionally collectively referred to as rechargeable zinc series battery.) 
[0077] In any case, a due care should be made about the constituents of the rechargeable battery so that they do 
not contain foreign matters. For instance, in the case of the rechargeable lithium battery, if its constituents contain 
water as a foreign matter, said water results in chemically reacting with the lithium in the rechargeable lithium battery, 

55 wherein the battery performance is sometimes remarkably reduced. 



6 



EP 0 690 520 B1 



ANODE 

[0078] The anode disposed in a rechargeable battery according to the present invention basically comprises an 
anode active material dedicated for the battery reaction and a anode collector serving to effectively transmit an electron 
s upon the charging and discharging. The anode active material may be designed such that it functions aiso as the 
collector. 

[0079] In the case where the anode active material is a powdery material which is difficult to be formed into an anode 
as it is, it is possible to employ a manner of fixing such powdery anode active material to the surface of a anode collector 
member using a binding agent to thereby form an anode. 
io [0080] Specific examples of the anode active material usable in a rechargeable lithium battery are Li, alloys of Li, Al 
and carbon materials. 

[0081] As the anode active material usable in a rechargeable zinc series battery, there can be mentioned Zn, alloys 
of Zn, zinc oxide, and zinc hydroxide. 

[0082] The anode collector may be constituted by an appropriate metal or an appropriate metal alloy. 
is [0083] Specific examples of such metal are Ni, Ti, Cu, Al, Pt, Pd. Au, and Zn. Specific examples of such metal alloy 
are afloys of these metals such as stainless steel. 

[0084] The anode collector may be shaped in a plate-like form, foil-like form, mesh form, porous form-like sponge, 
punching metal form, or expanded metal form. 

zo CATHODE 

[0085} The cathode generally comprises a cathode collector, a cathode active material, an electrically conductive 
auxiliary, and a binding agent. 

[0086] Particularly, the cathode is usually formed by disposing a mixture of a cathode active material, an electrically 
2S conductive auxiliary and a binding agent on a member capable of serving as a cathode collector. 

[0087] The electrically conductive auxiliary can include powdery or fibrous aluminium copper, nickel, stainless steel 

and graphite and other than these, carbon blacks such as KETJEN BLACK and acetylene black. 

[0088] The binding agent is desired to be stable for an electrolyte solution used as the electrolyte in a rechargeable 

battery. 

30 [0089] Specific examples of such binding agent in the case where a nonaqueous series electrolyte solution is used 
are fluorine-containing resins and polyolefines such-as polytetrafluoroethylene, polyvinylidene fluoride, polyethylene, 
polypropylene, ethylene-propylene copolymer, and ethylene-propylene-diene-terpolymer. 

[0090] Specific examples of the binding agent in the case where an aqueous series electrolyte solution is used are 
polivinyl alcohols, celluloses, and polyamides. 
35 [0091] The cathode collector serves to supply an electric current so that it can be efficiently consumed for the elec- 
trode reaction upon conducting the charging and discharging or to collect an electric current generated. The cathode 
collector is therefore desired to be constituted by a material which has a high electrical conductivity and is inactive to 
the battery reaction. 

[0092] The cathode collector may be of a material selected from materials that include Ni, Ti, Cu, Al, Pt, V, Au, or 
to Zn, metal as a constituent and from alloys including two or more of these metals, such as stainless steel. 

[0093] The cathode collector may be shaped in a plate-like form, foil-like form, mesh form, porous form-like sponge, 
punching metal form, or expanded metal form. 

[0094] Herein, as for the cathode used in the rechargeable zinc-oxygen battery, it comprises a cathode collector, a 
catalyst, and a water repellant. 
45 [0095] Description will be made of the cathode active material usable in the present invention. 

[0096] The cathode active material is different depending upon the kind of a rechargeable battery. The cathode active 
material in the case of a rechargeable lithium battery: 

[0097] As the cathode active material in the case of a rechargeable lithium battery, there is usually used a compound 
selected from transition metal oxides and transition metal sulphides. The metals of these transition metal oxides and 
so transition metal sulphides can include metals partially having a d-shell or f-shell. Specific examples of such metal are 
Sc, Y, lanthanoids, actinoids, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd. Pt, Cu, Ag and 
Au. Of these, Ti, V, Cr, Mn, Fe, Co, Ni and Cu are most appropriate. 

[0098] The cathode active material is desired to be comprised of any of the above transition metal oxides and tran- 
sition metal sulphides, which is incorporated with lithium. The lithium-containing cathode active material may be formed 
ss by a manner of obtaining a transition metal oxide or transition metal sulphide using lithium hydroxide or lithium salt. 
Alternatively, it may be formed by a manner of providing a mixture of a given transition metal oxide or transition metal 
sulfide, and lithium hydroxide, lithium nitrate, or lithium carbonate capable of being readily thermally decomposed, and 
subjecting said mixture to heat treatment. 
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The cathode active material in the case of a rechargeable zinc series battery: 

[0099] As the cathode active material in the case ol a rechargeable nickel-Zinc battery, there is usually used nickel 
oxide or nickel hydroxide. 

[0100] As the cathode active material in the case of a rechargeable zinc-oxygen battery which comprises a cathode 
5 collector, a catalyst, and a water repellant, there is used oxygen. This oxygen is usually supplied from the air. As the 
catalyst usable in this case, there is usually used porous carbon material, porous nickel material, or copper oxide. As 
the water repellant usable, there can be mentioned fluorine-containing resins such as porous tetrafluoroethylene resin. 
[0101] As the cathode active materia! in the case of a rechargeable bromine-zinc battery, there is used bromine. 

10 SEPARATOR 

[0102] The separator is disposed between the anode and the canthode, and it serves to prevent the anode and the 
cathode from suffering from internal-shorts. In addition, the separator also serves to retain the electrolyte solution. 
[0103] The separator is required to have a porous structure capable of allowing lithium ion or zinc ion to pass there- 
's through and it is also required to be insoluble into and stable to the electrolyte solution. 

[0104] The separator is usually constituted by a nonwoven fabric or a membrane having a micropore structure made 
of glass, polypropylene, polyethylene, fluorine-containing resin, or polyamide. Alternatively, the separator may be con- 
stituted by a metal oxide film or a resin film combined with a metal oxide respectively having a plurality of pores. In a 
preferred embodiment, the separator is constituted by a multilayered metal oxide film. In this case, the separator ef- 
20 feclively prevent a dendrite from passing therethrough and because of this, occurrence of internal-shorts between the 
anode and the cathode is desirably prevented. In another preferred embodiment, the separator is constituted by an 
incombustible fluorine-containing resin, glass or metal oxide film. In this case, an improvement can be attained in terms 
of the safety even in the case where such internal-shorts should be unexpectedly occurred. 

25 ELECTROLYTE 

[0105] In the present invention, there can be used an appropriate electrolyte as it is, a solution of said electrolyte 
dissolved in a solvent, or a material of said solution having immobilized using a gelatinizing agent. However, an elec- 
trolyte solution obtained by dissolving an appropriate electrolyte in an solvent is usually used in a way that said elec- 
30 trolyte solution is retained on the separator. 

[010S] The higher the electrical conductivity of the electrolyte, the better. Particularly, it is desired to use such an 
electrolyte that the electrical conductivity at 25 °C is preferably 1 x 10 3 S/cm or more or more preferably, 5 x 10' 3 S/ 
cm or more. 

[0107] The electrolyte used is different depending upon the kind of a rechargeable battery. 
3S The electrolyte usable in the case of a rechargeable lithium battery may be selected from amongst inorganic acids 
such as H 2 S0 4 , HCI and HN0 3 ; salts of Li+ (lithium ion) with Lewis acid ion such as BF 4 ", PF 6 ", CI0 4 \ CF3SO3-, or 
BPh 4 " (with Ph being a phenyl group); and mixlures of two or more of said salts. 

[0108] Other than these supporting electrolytes, salts of the above described Lewis acids ions with cations such as 
sodium ion, potassium ion, tetraalkylammonium ion, or the like are also usable. 
40 [01 09] In any case, it is desired that the above salts are used after they are subjected to dehydration or deoxygenation, 
for example, by way of heat treatment at a reduced pressure. 

{0110] The solvent in which the electrolyte is dissolved can include acetonitrile, benzonitrile, propylene carbonate, 
ethylene carbonate, dimethyl carbonate, diethyl carbonate, demethylformamide, tetrahydroturan, nitrobenzene, dichlo- 
roethane. diethoxyethane, 1,2-dimethoxyethane, chlorobenzene, Y-butyrolactone, dioxolan, sulpholan, nitrometane, 

45 dimethyl sulphide, dimethyl oxide, methyl formate, 3-methyt-2-oxdazolydinone, 2-methyltetrahydrofuran, 3-propylsy- 
donone, sulphur dioxide, phosphoryl chloride, thionyl chloride, sulphur chloride, and mixtures of two or more of these. 
[011 1] As for these solvents, it is desired for them to be subjected to dehydration using activated alumina, molecular 
sieve, phosphorous pentaoxide, or calcium chloride, prior to their use. Alternatively, it is possible for them to be sub- 
jected to distillation in an atmosphere composed of inert gas in the presence of an alkali metal, wherein moisture and 

so foreign matters are removed. 

[0112] In order to prevent leakage of the electrolyte, it is desired for the electrolyte to be gelatinized using an appro- 
priate gelatinizing agent. 

[0113] The gelatinizing agent usable in this case can include polymers having a property such that it absorbs the 
solvent of the electrolyte solution to swell. Specific examples of such polymer are polyethylene oxide, polyvinyl alcohol, 
ss and polyacrylamide. 

[0114] The electrolyte usable in the case of a rechargeable zinc series battery may be selected from amongst alkalis 
such as potassium hydroxide, sodium hydroxide, lithium hydroxide, and the like; and inorganic salts such as zinc 
bromide and the like. 
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[0115] In order to prevent leakage of the electrolyte, it is desired for the electrolyte to be gelatinized using an appro- 
priate gelatinizing agent. 

[0116] The gelatinizing agent usable in this case can include polymers having a property such that it absorbs the 
solvent of the electrolytic solution to swell. Specific examples of such polymer are polyethylene oxide, polyvinyl alcohol, 
s and polyacrylamide. Other than these, starch is also usable. 

COATING FOR ELECTRODE'S EDGE 

[0117] In the present invention, it is desired for at least the anode's edge (or the anode's edge portion) to be covered 

10 by a coat comprising an insulating or semiconductor material. It is possible to also cover the cathode's edge as well 
as the anode's edge. By disposing said coat to at least the anode's edge, the electric field intensity at the anode's edge 
is reduced to remarkably prevent occurrence of a dendrite (of lithium or zinc) and to prolong the battery life. This 
situation is further improved in the case where the cathode's edge is also provided with said coat. 
[0118] Description will be made of the coating for the anode's edge. 

'5 [0119] To provide the anode's edge with a coat comprising an insulating material or a semiconductor material can 
be conducted by (a) a coating process wherein a liquid or a powdery material capable of providing an insulating film 
or a semiconductor film is applied by means of a coating means, (b) a deposition process wherein a liquid or a raw 
material gas capable of providing an insulating film or a semiconductor film is decomposed to cause the deposition of 
a film, or (c) other deposition process wherein a solid material capable of providing an insulating film or a semiconductor 

20 fjim is evaporated to cause the formation of a film. 

[0120] In any case, in order to provide only a desired portion of the anode's edge with the above described coat, the 
coat formation is desired to be conducted while using an appropriate masking means. Particularly, a portion of the 
anode's edge which is intended to have no coat is previously masked by the masking means, the coat formation is 
then conducted, and after the coat formation, the masking means is detached. By this, the coat formation can be 

25 conducted for only a desired portion of the anode's edge. It is a matter of course that this selective coat formation can 
be conducted without using such masking means. 

[0121] The foregoing coating process (a) can include screen printing process, roll coating process, dip coating proc- 
ess, spray coating process, electrostatic coating process, and electrocoating process. 

[0122] The foregoing deposition process (b) can include thermal-induced CVD process, and plasma CVD process. 
30 [0123] The foregoing deposition process (c) can include sputtering process, electron beam evaporation process, 
cluster ion beam evaporation process. 

[0124] Description will be made of the insulating film and the semiconductor film. 

[0125] Either the insulating film or the semiconductor film may be comprised of an appropriate material selected from 
the group consisting of stable organic high-molecular materials, metal oxide materials, and organic-inorganic composite 

35 materials comprising one or more of said high-molecular materials and one or more of said metal oxide materials, 
which are not dissolved in the electrolyte solution and are not decomposed upon the charge and discharge reactions. 
[0126] Specifically, in the case of a rechargeable lithium battery in which a nonaqueous electrolyte solution (that is, 
a solvent-containing electrolyte solution) is used as the electrolyte, the organic high-molecular material can include 
polyolefins such as polyethylene, polypropylene, and the like, fluorine-containing resins, and silicone resins. Other 

40 than these, highly crosslinked polymers are also usable. Of these, fluorine-containing resins having an ether linkage 
are the most appropriate because they excel in stability and can be readily applied upon the coating. 
[0127] As for the high-molecular materials which are not crosslinked, it is desired for them to be crosslinked using 
an appropriate crosslinking agent. Specific examples of such crosslinking agent are diisocyanates, polyisocyanate 
prepolymers, block isccyanates, organic peroxides, polyamines, oximes, nitroso compounds, sulphur, sulphur com- 

45 pounds, selenium, magnesium oxide, lead oxide, and zinc oxide. Alternatively, they can be crosslinked by electron 
beam, or ultraviolet ray, irradiation, 

[0128] In the case of a rechargeable zinc series battery in which an aqueous electrolyte solution is used as the 
electrolyte, there can be also used those not crosslinked of the above described water-insoluble high-molecular ma- 
terials. 

so [0129] The foregoing metal oxide material can include silica, titanium oxide, alumina, zirconium oxide, magnesium 
oxide, tantalum oxide, molybdenum oxide, tungsten oxide, tin oxide, indium oxide, iron oxide, chromium oxide, alumi- 
num phosphate, iron phosphate, silicon phosphate, and mixtures of these. 

[01 30] It is possible that one or more of these metal oxide materials are mixed with one or more of the above described 
high-molecular materials so as to form an organic-inorganic composite. The organic-inorganic composite material ex- 
ss eels particularly in mechanical strength. 

[0131] The coat formation using such metal oxide may be conducted by way of a sol-gel transformation process. In 
this case, the coat formation is facilitated. 

[0132] In any case, prior to forming the foregoing coat (comprising an insulating or semiconductor material) herefor, 
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it is possible to subject the anode's edge to surface treatment by way of a manner of subjecting the anode's edge to 
irradiation of ultraviolet rays, a manner of subjecting the anode's edge to ozone oxidation, or a manner of treating the 
anode's edge with the use of an organometallic compound such as a silane coupling agent or titanium coupling agent. 
In this case, the adhesion of the coat with the anode's edge is improved so that the coat is hardly removed from the 
s anode's edge. 

[0133] The above description is directed only for the coat formation to the anode's edge, but the cathode's edge can 
be also coated by an insulating film or a semiconductor film in the same manner as that for the anode's edge. 

SHAPE AND STRUCTURE OF SECONDARY CELL 

10 

[0134] There is no particular limitation for the shape of the rechargeable battery according to the present invention. 
[0135] The rechargeable battery according to the present invention may be in the form of a flat round shape (or a 
coin-like shape), a cylindrical shape, a rectangular prismatic shape, or a sheet-like shape. In the case where the re- 
chargeable battery is shaped in a spiral-wound cylindrical form, the anode, separator and cathode are arranged in the 
is named order and they are spriral-wound and because of this, there are provided advantages such that the battery area 
can be increased as desired and a high electric current can be flown upon operating the charging and discharging. In 
the case where the rechargeable battery is shaped in a rectangular prismatic form, there is provided an advantage in 
that the space of a device for housing the rechargeable battery can be effectively utilized. 

[0136] As for the structure of the rechargeable battery according to the present invention, it can optionally made to 
20 be of a single layer structure or a stacked structure. 

[01 37] FIG. 7 is a schematic cross-sectional view illustrating an example of a single-layer structure type flat recharge- 
able battery according to the present invention. FIG. 8 is a schematic cross-sectional view illustrating an example of 
a spiral-wound cylindrical rechargeable battery according to the present invention. 

[01 38] In FIGs. 7 and 8, reference numeral 300 indicates an anode collector, reference numeral 301 an anode applied 
25 with a coat composed of an insulating or semiconductor material at the edge thereof (this coat is not shown), reference 
numeral 303 a cathode, reference numeral 305 an anode terminal (or an anode cap), reference numeral 306 a cathode 
can, reference numeral 307 a separator and an electrolyte (or an electrolyte solution), reference numeral 310 an in- 
sulating packing, and reference numeral 311 an insulating plate. 

[0139] In the above, the cathode 303 may be also applied with a coat composed of an insulating or semiconductor 

30 material at the edge thereof (this coat is not shown). 

[0140] The fabrication of a rechargeable battery of the configuration shown in FIG. 7 or FIG. 8 is conducted, for 
example, in the following manner. That is, a combination comprising the separator 307 interposed between the anode 
301 and the cathode 303 is positioned in the cathode can 306. Thereafter, the electrolyte is introduced thereinto. The 
resultant is assembled with the anode cap 305 and the insulating packing 310, followed by subjecting to caulking 

35 treatment. Thus, there is obtained the rechargeable battery. 

[0141] The preparation of the constituent materials for the rechargeable lithium battery and the fabrication of said 
rechargeable battery are desired to be conducted in a dry air atmosphere free of moisture or a dry inert gas atmosphere 
free of moisture. 

[0142] As the constituent of the insulating packing 310, there can be used fluorine-containing resin, polyamide resin, 
40 polysulphone resin, or various rubbers. The sealing is typically conducted using a gasket such as the insulating packing, 
as shown in FIGs. 7 and 8. Other than this, it can be conducted by means of glass sealing, adhesive sealing, welding 
or soldering. 

[0143] As the constituent of the insulating plate 31 1 shown in FIG. 8, there can be used organic resins and ceramics. 
[0144] Any of the cathode can 306 and the anode cap 305 can be constituted by stainless steel, titanium clad steel, 
45 copper clad steel, or nickel-plated steel. 

[0145] In any of the configurations shown in FIGs. 7 and 8, the calhode can 306 is designed to serve also as a battery 
casing. In the case where a battery housing is independently used, the battery housing can be constituted by a metal 
such as zinc, an alloy such as stainless steel, a plastic such as polypropylene, or a composite of a metal or glass fiber 
with plastic. 

so [0146] Although this is not shown in any of FIGs. 7 and 8, but it is possible to employ an appropriate safety vent in 
any of the configurations shown in FIGs. 7 and 8. 

[0147] In the following, the present invention will be described in more detail with reference to examples, which are 
only for illustrative purposes but not intended to restrict the scope of the present invention to these examples. 

ss Example 1 

[01 48] There was prepared a rechargeable lithium battery of the configuration shown in FIG. 7 in the following manner. 
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Formation of cathode: 

[0149] Electrolytic manganese dioxide and lithium carbonate were well mixed at a mixing ratio of 1 : 0.4, and the 
mixture obtained was subjected to heat treatment at 800 °C to obtain a lithium-manganese oxide material. The lithium- 
manganese oxide material was well mixed with powdery acetylene black in an amount of 3 wt.% and powdery polyvi- 
nylidene fluoride in an amount ol 5 wt.%, followed by mixing with N-methyl-2-pyrrolidone, to thereby obtain a paste- 
like product. 

[0150] The paste-like product thus obtained was applied onto the surface of a circular aluminium foil, followed by 
drying at 150 °C, to thereby obtain a cathode. Then, a coating liquid obtained by dissolving a powdery fluororesin paint 
SUPERKONACK (trademark name, produced by Nippon Oils & Fats Co., Ltd.) in an amount of 20 wt.% in xylene was 
applied to the cathode's edge by means of the screen printing process, followed by drying, and thereafter, this coating 
procedure was repeated. The resultant was subjected to heat treatment at 170 °C and under reduced pressure to 
crosslink and harden the fluororesin coat formed at the cathode's edge. 

[0151] Thus, there was obtained a cathode having a fluororesin coat at the edge thereof (hereinafter referred to as 
cathode). 

Formation of anode: 

[0152] There was firstly provided a circular aluminium foil having a diameter which is 2 mm greater than that of the 
aluminium foil used in the cathode. The aluminium foil was immersed in a 5% potassium hydroxide aqueous solution 
for 5 minutes, wherein the surface of the aluminium foil was etched. The aluminium foil thus treated was dehydrated 
using acetone and isopropyl alcohol, followed by subjecting drying under reduced pressure. 
[0153] Then, a coating liquid obtained by dissolving a powdery fluororesin paint SUPERKONACK (trademark name, 
produced by Nippon Oils & Fats Co., Ltd.) in an amount of 20 wt.% in xylene was applied to the aluminium foil's edge 
by means of the screen printing process, followed by drying, and thereafter, this coating procedure was repeated. The 
resultant was subjected to heat treatment at 1 70 "C and under reduced pressure to crosslink and harden the fluororesin 
coat formed at the aluminium foil's edge. 

[0154] Thus, there was obtained an anode having a fluororesin coat at the edge thereof (hereinafter referred to as 
anode). 

Preparation of electrolyte solution: 

[0155] There was provided a moisture-free mixed solvent composed of ethylene carbonate and dimethoxy carbonate 
(DMC) with an equivalent mixing ratio. 1 M (mol/1) of tetrafluoro lithium borate was dissolved in the mixed solvent. Thus, 
there was obtained an electrolyte solution. 

Separator: 

[0156] There was provided a 25 ujti thick polypropylene member provided with a number of small pores as a sepa- 
rator. 

Fabrication of rechargeable lithium battery: 

[0157] The fabrication of a rechargeable lithium battery was conducted in a dry argon atmosphere. The separator 
was interposed between the anode and the cathode, and the resultant was inserted into a cathode can made of titanium 
clad steel. Then, the electrolyte solution was injected into the cathode can. The resultant was sealed using an anode 
cap made of titanium clad steel and an insulating packing made of fluoro rubber. Thus, there was obtained a recharge- 
able lithium battery. 

Example 2 

[0158] There was prepared a rechargeable lithium battery of the configuration shown in FIG. 7 in the same manner 
as in Example 1 , except that the cathode and the anode were formed in the following manner. 

Formation of cathode: 

[0150] Electrolytic manganese dioxide and lithium carbonate were well mixed at a mixing ratio of 1 : 0.4, and the 
mixture obtained was subjected to heat treatment at 800 °C to obtain a lithium-manganese oxide material. The lithium- 
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manganese oxide material was well mixed with powdery acetylene black in an amount of 3 wt.% and powdery polyvi- 
nylidene fluoride in an amount ol 5 wt.%, followed by mixing with N-methyl-2-pyrrolidone, to thereby obtain a paste- 
like product. 

[0160] The paste-like product thus obtained was applied onto the surface of a circular aluminium foil, followed by 
5 drying at 150 "C, to thereby obtain a cathode. 

Formation of anode: 

[0161] There was firstly provided a circular aluminium foil having a diameter which is 2 mm greater than thai of the 
10 aluminum foil used in the cathode. The aluminium foil was immersed in a 5% potassium hydroxide aqueous solution 

for 5 minutes, wherein the surface of the aluminium foil was etched. The aluminium foil thus treated was dehydrated 

using acetone and isopropyl alcohol, followed by subjecting drying under reduced pressure. 

[0162] Then, a patterning mask was positioned on the edge of the aluminium foil such that said edge was exposed. 

Thereafter, a coating liquid obtained by dissolving a powdery fluororesin resin TEFLON AF (trademark name, produced 
is by Du Pont Company) in an amount of 20 wt.% in xylene was applied to the aluminium foil's edge by means of a spray 

coater, followed by drying, and thereafter, the patterning mask was detached. The resultant was subjected to heat 

treatment at 1 50 °C and under reduced pressure to harden the fluororesin coat intermittently formed at the aluminium 

foil's edge. 

[0163] Thus, there was obtained a anode having a fluororesin coat at the edge thereof. 

20 

Example 3 

[0164] There was prepared a rechargeable lithium battery of the configuration shown in FIG. 7 in the same manner 
as in Example 1 , except that in the formation of anode, no fluororesin coat was formed at the edge of the aluminium 
2S foil having an etched surface. 

Example 4 

[0165] There was prepared a rechargeable lithium battery of the configuration shown in FIG. 7 in the same manner 
30 as in Example 1 , except that in the formation of cathode, no fluororesin coat was formed at the edge of the aluminium 
foil; and in the formation of anode, no fluororesin coat was formed at the edge of the aluminum foil having an etched 
surface was not conducted. 

Comparative Example 1 

35 

[0166] There was prepared a rechargeable lithium battery of the configuration shown in FIG. 7 in the same manner 
as in Example 4, except that the size of the aluminium foil for the anode was made to be the same as that of the 
aluminium foil for the cathode. 

to Example 5 

{0167] There was prepared a rechargeable nickel-zinc battery of the configuration shown in FIG. 7 in the following 
manner. 

45 Formation of cathode: 

[0168] A mixture of powdery nickel hydroxide and nickel powder was well mixed with carboxymethylcellose as a 
binding agent, followed by mixing with pure water, to obtain a paste-like product. And a foamed nickel sheet CELLMET 
(trademark name, produced by Sumitomo Electric Industries, Ltd.) in a circular form was filled with the paste-like prod- 
so uct. The resultant was dried, followed by subjecting to press treatment. Thus, there was obtained a cathode. 

Formation of anode: 

[0169] There was firstly provided a circular punching metal member made of copper having a diameter which is 1 .3 
ss mm greater than that of the foamed sheet used in the cathode. 

[01 70] A paste-like product obtained by mixing a mixture of zinc powder and powdery zinc oxide with polyvinyl alcohol 
and kneading the resultant with the addition of pure water was applied onto the surface of the copper punching metal 
member. The resultant was dried, followed by subjecting to press treatment. Thus, there was obtained a composite 
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member. Then, a coating liquid of thermosetting epoxy resin was applied to the edge of the composite member by 
means of the screen printing process, followed by subjecting heat treatment at 150 °C to harden the epoxy resin coat 
formed at the composite member's edge. Thus, there was obtained an anode. 

s Electrolyte solution: 

[0171] There was provided a 30 wt.% lithium hydroxide aqueous solution as an electrolyte solution. 
Formation of separator: 

10 

[0172] A micro-cellular polypropylene film having been subjected to hydrophilic treatment, a nonwoven fabric made 
of polypropylene having been subjected to water-seasoning treatment, and another micro-cellular polypropylene film 
having been subjected to hydrophilic treatment were laminated in the named order to obtain a composite having a 
thickness of 1 00 urn as a separator. 

is 

Fabrication of rechargeable nickel-zinc battery: 

[0173] The separator was interposed between the anode and the cathode, and the resultant was inserted into a 
battery case made of titanium clad steel. Then, the electrolyte solution was injected into thereinto. The resultant was 
so sealed using an anode cap made of titanium clad steel and an insulating packing made of fluoro rubber. Thus, there 
was obtained a rechargeable nickel-zinc battery. 

Example 6 

2£ [0174] There was prepared a rechargeable zinc-oxygen battery of the configuration shown in FIG. 7 in the following 
manner. 

Formation of cathode: 

30 [0175] A mixture of acetylene black, manganese dioxide and cobalt dioxide was well mixed with powdery poly- 
tetrafluoroethylene. The resultant mixture was well mixed with a solution obtained by dissolving a powdery fluororesin 
paint SUPERKONACK (trademark name, produced by Nippon Oils & Fats Co., Ltd.) in an amount of 5 wt.% in xylene 
to obtain a paste-like product. The paste-like product was applied onto the surface of a nickel-plated copper mesh 
member in a circular form, followed by drying, then subjecting to heat treatment at 170 "C under reduced pressure to 

3S harden the coating formed on the surface of the nickel-plated copper mesh member. The resultant was subjected to 
hot pressing treatment using a hot pressure roller to obtain a cathode. 

Formation of anode: 

40 [0176] 

(1) There was prepared a coating composition was prepared in the following manner. That is, tetraethoxysilane, 
isopropyl alcohol, water and hydrochloric acid were mixed. The resultant mixture was heated at 60 °C to obtain a 
sol liquid. With the sol liquid thus obtained, poly(2-methyl-2-oxazoline), polyvinyl chloride, and cyclohexanone were 

45 well mixed. Thus, there was obtained a coating composition. 

(2) A mixture of powder zinc oxide and zinc powder was well mixed with powdery polytetrafluoroethylene. The 
resultant was applied onto the surface of a copper mesh member by way of the pressure molding process to obtain 
a composite (that is, a zinc electrode plate). The resultant zinc electrode plate was cut to obtain a circular zinc 
electrode plate having a diameter which is 2.5 mm greater than that of the circular nickel-plated copper mesh 

so member used in the formation of cathode. 

[0177] Then, the coating composition obtained in the above (1) was applied to the edge of the zinc electrode plate 
by means of the dip coating process, followed by drying, to obtain an anode. 

ss Electrolyte solution: 

[0178] There was provided a 30 wt.% lithium hydroxide aqueous solution as an electrolyte solution. 
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Separator: 

[0179] There was provided a conventional cellophane separator for a rechargeable battery. 
Fabrication of rechargeable zinc-oxygen battery: 

[0180] The separator was interposed between the anode and the cathode, and the resultant was inserted into a 
cathode case made of titanium clad steel having air access holes. Then, the electrolyte solution was injected into 
thereinto. The resultant was sealed using an anode cap made of titanium clad steel and an insulating packing made 
of fluoro rubber. Thus, there was obtarned.a rechargeable zinc-oxygen battery. 

Comparative Example 2 

[0181] The procedures of Example 5 were repeated, except that the size of the copper punching metal member for 
the anode was made to be the same as that of the foamed nickel sheet for the cathode, and in the formation of the 
anode, no epoxy resin coat was formed at the edge of the composite member for the anode, to thereby obtain a 
rechargeable nickel-zinc battery. 

Comparative Example 3 

[0182] The procedures of Example 6 were repeated, except that the size of the zinc electrode plate for the anode 
was made to be the same as that of the nickel-plated copper mesh memmber for the cathode, and in the formation of 
the anode, no coat was formed at the edge of the zinc electrode plate for the anode, to thereby obtain a rechargeable 
zinc-oxygen battery. 

Evaluation 

[0183] As for each of the rechargeable batteries obtained in the above Examples 1 to 6 and the above Comparative 
Examples 1 to 3, evaluation was conducted with respect to battery characteristics through the charging and discharging 
cycle test. 

[0184] The charging and discharging cycle test was conducted in the following manner. That is, each rechargeable 
battery was placed in a charging and discharging device HJ-106M (produced by Hokuto Denko Kabushiki Kaisha), 
wherein charging and discharging were alternately repeated under conditions of 1 C (electric current of 1 time the 
electric capacity per an hour based on the electric capacity calculated from the cathode active material of each re- 
chargeable battery) for the charging and discharging, and 30 minutes for the rest. As for other conditions, in the case 
of the rechargeable lithium battery, the cut-off voltage upon the charging was made to be 4.5 V and the cut-off voltage 
upon the discharging was made to be 2.5 V. Similarly, in the case of each of the rechargeable nickel-zinc battery and 
the rechargeable zinc-oxygen battery, the cut-off voltage upon the charging was made to be 2.0 V and the cutoff 
voltage upon the discharging was made to be 0.9 V. 

[0185] The charging and discharging cycle test was initiated by operating charging. 

[0186] In the charging and discharging test, as for each rechargeable battery, there were observed its battery capacity 
(that is, an energy density, namely, a discharge energy density) per a unit volume of the rechargeable battery and its 
charging and discharging cycle life. The battery capacity was based on the service capacity after the third repetition 
of the charging and discharging cycle. And the charging and discharging cycle life was based on the number of the 
charging and discharging cycle having been repeated until the battery capacity became less than 60% of the initial 
battery capacity. 

[0187] The observed results obtained are collectively shown in Table 1 in terms of the ratio of the charging and 
discharging cycle lives of the corresponding two rechargeable batteries. 

[0188] In Table 2, there are shown the size relationship between the anode and the cathode as for each rechargeable 
battery and the presence or absence of the edge coat as for each rechargeable battery. 

[0189] Based on the results shown in Table 1, there were obtained the following facts. That is, the rechargeable 
batteries obtained in Examples 1 to 6 belonging to the present invention are surpassing the rechargeable batteries 
obtained in Comparative Examples 1 to 3 in terms of the charging and discharging cycle life. As for the rechargeable 
lithium batteries obtained in Examples 1 to 4, the charging and discharging cycle life is increased in the order of Example 
1 , Example 2, Example 3, and Example 4. 

[0190] Further, in the present invention, even in the case where zinc is used in the anode, there can be obtained a 
desirable rechargeable battery excelling in charging and discharging cycle life. 

[0191] Further in addition, there were obtained the following findings. That is, as the rechargeable batteries obtained 
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in Examples i and 2, according to their discharge capacities, they provide an energy density which is higher by 60% 
over that provided by a conventional rechargeable lithium ion battery in which a carbon anode is used. Therefore, the 
present invention makes it possible to effectively produce a high quality rechargeable battery which provides an in- 
creased energy density and has a prolonged charging and discharging cycle life. 

s 



Table 1 



cycle life* of Example 1 /cycle life* of Comparative Example 1 


2.6 


cycle life* of Example 1/cycle life* of Example 3 


1.9 


cycle life* of Example 2/cycle life* of Example 4 


1.3 


cycle life* of Example 3/cycle life* of Comparative Example 1 


1.4 


cycle life* of Example 4/cycle life* of Comparative Example 1 


1.2 


cycle life* of Example 5/cycle life* of Comaprative Example 2 


1.5 


cycle life* of Example 6/cycle life* of Comparative Example 3 


1.7 



* : charging and discharging cyde life 



2° Table 2 



25 





edge coating 


electrode size 


cathode 


anode 


Example 1 


present 


present 


anode > cathode 


Example 2 


none 


present 


anode > cathode 


Example 3 


present 


none 


anode > cathode 


Example 4 


none 


none 


anode > cathode 


Example 5 


none 


present 


anode > cathode 


Example 6 


none 


present 


anode > cathode 


Comparative Example 1 


none 


none 


anode = cathode 


Comparative Example 2 


none 


none 


anode = cathode 


Comparative Example 3 


none 


none 


anode - cathode 


* anode > cathode: the size of anode is larger than that of 
cathode. 

anode = cathode: the size of anode is equal to that of cathode. 
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Claims 

1. A rechargeable battery comprising an anode (100;301 ), a separator (105;307), and a cathode (1 02; 303) arranged 
4S within a housing (108:306) and including an electrolyte or an electrolyte solution (104), said anode being arranged 

opposite to said cathode and having an area greater than that of said cathode wherein the orthogonal projection 
of said cathode onto said anode lies within the area of said anode; 
which battery is characterised in that: 

so the shortest distance (() between the edge of said anode and the edge of said cathode is 5 times or more the 

spacing distance (d) between said anode and said cathode. 

2. A rechargeable battery according to claim 1 , wherein said anode has a coat (101 ) comprising an insulating material 
or a semiconductor material at an edge portion of said anode. 

ss 

3. A rechargeable battery according to claim 2, wherein either said insulating material or said semiconductor material 
contains at least a material selected from the group consisting of organic high-molecular materials, metal oxide 
materials, and organic-inorganic composite materials. 
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4. A rechargeable battery according to claim 3, wherein the organic high-molecular material contains at least a mem- 
ber selected from the group consisting of fluorine-containing resins and silicone resins. 

5. A rechargeable battery according to any of claims 1 and 2, wherein said cathode has a coat (103) comprising an 
s insulating material or a semiconductor material at an edge portion of said cathode. 

6. A rechargeable battery according to claim 5, wherein either said insulating material or said semiconductor material 
contains at least a material selected from the group consisting of organic high-molecular materials, metal oxide 
materials, and organic-inorganic composite materials. 

10 

7. A rechargeable battery according to claim 6, wherein said organic high-molecular material contains at least a 
member selected from the group consisting of fluorine-containing resins and silicone resins. 

8. A rechargeable battery according to any of claims 1 to 6, wherein said anode contains lithium element or zinc 
element. 



Patentanspruehe 

zo 1. Wiederaufladbare Batterie, die eine Anode (100;301), einen Separator (105;307) und eine Kathode (102;303) 
umfasst, die innerhalb eines Gehauses (108;306) angeordnet sind und einen Elektrolyten Oder eine Elektrolytlo- 
sung (104) einschlieBt, wobei die Anode gegenuber der Kathode angeordnet ist und eine Flache aufweist, die 
grofier als die der Kathode ist, wobei die Orthogonalprojektbn der Kathode auf die Anode innerhalb der Flache 
der Anode liegt; 

25 wobei die Batterie dadurch gekennzeichnet ist, da 13: 

der kurzeste Abstand (1 ) zwischen der Kante der Anode und der Kante der Kathode ein Funffaches Oder mehr 
des raumlichen Abstandes (d) zwischen der Anode und der Kathode betragt. 

30 2. Wiederaufladbare Batterie nach Anspruch 1 , wobei die Anode einen Uberzug (101) aufweist, der ein Isoliermaterial 
oder ein Halbleitermaterial an einem Eckabschnitt der Anode umfasst. 

3. Wiederaufladbare Batterie nach Anspruch 2, wobei entweder das Isoliermaterial oder das Halbleitermaterial min- 
destens ein aus der aus organischen hcchmolekularen Materialien, Metalloxidmaterialien und organischanorga- 

35 nischen Kompositmaterialien bestehenden Gruppe ausgewahltes Material enthalt. 

4. Wiederaufladbare Batterie nach Anspruch 3, wobei das organische hochmolekulare Material mindestens ein Mit- 
glied enthatt, welches aus der aus fluorhaltigen Harzen und Siiikonharzen bestehenden Gruppe ausgewahlt ist. 

40 5. Wiederaufladbare Batterie nach einem der Anspruche 1 und 2, wobei die Kathode einen Uberzug (1 03) aufweist, 
der ein Isoliermaterial oder ein Halbleitermaterial an einem Eckabschnitt der Kathode umfasst. 

6. Wiederaufladbare Batterie nach Anspruch 5, wobei entweder das Isoliermaterial Oder das Halbleitermaterial min- 
destens ein aus der aus organischen hochmolekularen Materialien, Metalloxidmaterialien und organischanorga- 

45 nischen Kompositmaterialien bestehenden Gruppe ausgewahltes Material enthalt. 

7. Wiederaufladbare Batterie nach Anspruch 6, wobei das organische hochmolekulare Material mindestens ein Mit- 
glied enthaft, welches aus der aus fluorhafiigen Harzen und Siiikonharzen bestehenden Gruppe ausgewahlt ist. 

so a. Wiederaufladbare Batterie nach einem der Anspruche 1 bis 6, wobei die Anode Lithium-Element oder Zink-Element 
enthalt. 



Revendicatione 

55 

1. Batterie rechargeable comprenant une anode (100; 301), un separateur (105; 307) et une cathode (102; 303) 
agences dans un boitier (108; 306) et comprenant un electrolyte ou une solution d'electrolyte (104), ladite anode 
etant placee en opposition a ladite cathode et possedant une surface superieure a celle de ladite cathode, dans 
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laquelle la projection orthogonale de ladite cathode sur ladile anode s'etend dans la zone de ladite anode; 
batterie caracterisee en ce que : 

la plus courte distance (€) entre le bord de ladite anode et le bord de ladite cathode est de 5 lois ou plus la 
distance de separation (d) entre ladite anode et ladite cathode. 

Batterie rechargeable selon la revendication 1, dans laquelle ladite anode possede un revStement (101) compre- 
nant un materiau isolant ou un materiau semi-conducteur sur une partie de bord de ladite anode. 

Batterie rechargeable selon la revendication 2, dans laquelle sort ledit materiau isolant, soil ledit materiau semi- 
conducteur contient au moins un materiau choisi dans le groupe comprenant des materiaux organiques de haut 
poids moleculaire, des materiaux d'oxyde de metal et des materiaux composites organiques/inorganiques. 

Batterie rechargeable selon la revendication 3, dans laquelle le materiau organique de haut poids moleculaire 
contient au moins un element choisi dans le groupe comprenant des resines contenant du fluor et des resines de 
silicone. 

Batterie rechargeable selon I'une quelconque des revendications 1 et 2, dans laquelle ladite cathode possede un 
revetement (1 03) comprenant un materiau isolant ou un materiau semi-conducteur sur une partie de bord de ladite 
cathode. 

Batterie rechargeable selon la revendication 5, dans laquelle soit ledit materiau isolant, soil ledit materiau semi- 
conducteur contient au moins un materiau choisi dans le groupe comprenant des materiaux organiques de haut 
poids moleculaire, des materiaux d'oxyde de metal et des materiaux composites organiques/inorganiques. 

Batterie rechargeable selon la revendication 6, dans laquelle ledit materiau organique de haut poids moleculaire 
contient au moins un element choisi dans le groupe comprenant des resines contenanl du fluor et des resines de 
silicone. 

Batterie rechargeable selon I'une quelconque des revendications 1 a 6, dans laquelle ladite anode contient un 
element de lithium ou un element de zinc. 
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FI G. 2 
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FI G. 3(a) 
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FI G. 3(b) 
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502 
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FI G. 4(a) FIG. 4(b) 
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FI G. 5 
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FI G. 6 




THE ANODE'S EDGE IS 

POSITIONED OUTSIDE THE CATHODE 



THE ANODE'S EDGE IS 
POSITIONED INSIDE THE CATHODE 
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FI G. 7 



300 
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